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Objective: In adults, early traumatic coagulopathy and shock 
are both common and independently associated with mortality. 
There are little data regarding both the incidence and association 
of early coagulopathy and shock on outcomes in pediatric patients 
with traumatic injuries. Our objective was to determine whether 
coagulopathy and shock on admission are independently associ-
ated with mortality in children with traumatic injuries.

Methods: A retrospective review of the Joint Theater Trauma 
Registry from U.S. combat support hospitals in Iraq and Afghanistan 
from 2002 to 2009 was performed. Coagulopathy was defined as an 
international normalized ratio of $1.5 and shock as a base deficit of 
$6. Laboratory values were measured on admission. Primary out-
come was inhospital mortality. Univariate analyses were performed 
on all admission variables followed by reverse stepwise multivari-
ate logistic regression to determine independent associations.

Setting: Combat support hospitals in Iraq and Afghanistan.
Patients: Patients <18 yrs of age with Injury Severity Score, in-

ternational normalized ratio, base deficit, and inhospital mortality 
were included. Of 1998 in the cohort, 744 (37%) had a complete set 
of data for analysis.

Intervention: None.
Measurements and Main Results: The incidence of early co-

agulopathy and shock were 27% and 38.3% and associated with 
mortality of 22% and 16.8%, respectively. After multivariate logis-
tic regression, early coagulopathy had an odds ratio of 2.2 (95% 
confidence interval 1.1– 4.5) and early shock had an odds ratio of 
3.0 (95% confidence interval 1.2–7.5) for mortality. Patients with 
coagulopathy and shock had an odds ratio of 3.8 (95% confidence 
interval 2.0–7.4) for mortality.

Conclusions: In children with traumatic injuries treated at com-
bat support hospitals, coagulopathy and shock on admission are 
common and independently associated with a high incidence of in-
hospital mortality. Future studies are needed to determine whether 
more rapid and accurate methods of measuring coagulopathy and 
shock as well as if early goal-directed treatment of these states 
can improve outcomes in children. (Pediatr Crit Care Med 2012; 
13:273–277)
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Trauma remains one of the most 
common causes of death in all 
age groups, but this is especially 
true in the pediatric population. 

Traumatic injury is the leading cause of 

death in the United States for patients 1–40 
yrs of age (1). Greater than 45% of deaths 
in children aged 1–14 yrs in the United 
States are secondary to trauma (1). Up to 
47% of these deaths are related to motor 
vehicle crashes with the rates increasing 
through adolescence (1). The most com-
mon cause of death in pediatric trauma in 
the United States has been shown to be 
traumatic brain injury (2). Although the 
incidence of death from hemorrhage with 
traumatic injuries has not been described 
in children, it is the second most common 
cause of death and the most common 
cause of medically preventable deaths in 
adults (3). Children account for 4% to 7% 
of all admissions to U.S. military hospitals 
in Afghanistan and Iraq and account for 
10% to 12% of all hospital bed days (4, 5). 
In both combat areas, the most common 
causes of death are traumatic brain injury 
(29%) and burns (27%) (6).

The “lethal triad” of trauma empha-
sizes the relationship among acidosis, 
hypothermia, and coagulopathy and their 

association with increased risk of death 
in adults (3, 7, 8). In adult severe trauma 
patients, coagulopathy on admission is 
both common and independently associ-
ated with mortality (9). In adult trauma 
and pediatric burn patients, indicators of 
shock or acidosis have also been indepen-
dently associated with increased mortality 
(10–12). The relationship among acidosis, 
coagulopathy, severity of injury, and mor-
tality has not been examined simultane-
ously in a pediatric trauma population. 
We hypothesize that admission measures 
of coagulopathy and shock, as measured 
by the international normalized ratio 
(INR) and base deficit (BD), will be inde-
pendently associated with increased mor-
tality in children with traumatic injuries 
independent of severity of injury.

MATERIALS AND METHODS

A retrospective review of the Joint Theater 
Trauma Registry from U.S. combat support 
hospitals in Iraq and Afghanistan from 2002 
to 2009 was performed. The Joint Theater 
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coagulopathy or shock were found to have 
significantly worse inhospital mortality 
independent of injury severity. In children 
with more severe injuries as measured by 
ISS, there was an increased incidence of 
coagulopathy and shock with correspond-
ing increased mortality as can be noted on 
Table 2 (7, 9).

Recently, mechanisms have been de-
scribed that indicate early hypoperfusion 
or shock leads to coagulopathy through 
activated protein C and other anticoagu-
lant pathways (24). In general, these re-
views indicate that local hypoperfusion is 
associated with increased endothelial in-
jury, leading to increased activated protein 
C and tissue plasminogen activator con-
centrations on admission in patients with 
severe traumatic injury (24, 25). There 
is also evidence that this early trauma-
induced coagulopathy is associated with 
decreased tissue factor pathway inhibitor 
and tissue activated fibrinolysis inhibitor 
concentrations (24, 25). Therefore, there 
appears to be a link between early shock 
and coagulopathy that provides biologic 
plausibility for our results. This relation-
ship between admission shock and coagu-
lopathy has been previously reported in 
adults, and is just one of many potential 
causes for coagulopathy in trauma pa-
tients (24, 25). The realization that there 
are many factors that contribute to co-
agulopathy is a plausible explanation for 
why there is a weak correlation between 
INR and BD in our cohort and that not all 
patients with shock also present with co-
agulopathy and that not all coagulopathic 
patients are in shock.

Our analysis identifies reversible fac-
tors that, if recognized and treated early 
and aggressively, may improve outcomes 
in children with severe traumatic injuries. 
Spinella and Holcomb (3) have recently re-
viewed the controversial concept of dam-
age control resuscitation, which includes 

the early and increased use of plasma and 
platelets and the avoidance of older red 
blood cells for patients with massive bleed-
ing. This approach is intended to correct 
early coagulopathy and shock and has been 
independently associated with improved 
survival and decreased death from hem-
orrhage in multiple retrospective studies 
(3, 26). In addition, studies by Nunez and 
Cotton have both documented that the use 
of massive transfusion protocols that use 
damage control resuscitation strategies 
were associated with improved outcomes 
in patients who have coagulopathy and 
shock addressed early (23). Pediatric mas-
sive transfusion protocols have also been 
recently described that use the concepts of 
damage control resuscitation (3). Recent 
evidence indicates that the transfusion 
of fresh compared with older red blood 
cells improves oxygen delivery, reverses 
shock, and is independently associated 
with decreased mortality and death from 
multiorgan failure (27–33). Two large pe-
diatric retrospective studies also indicate 
decreased new or progressive organ failure 
was associated with the transfusion of fresh 
red blood cells (34, 35). Prospective studies 
are being performed or are in development 
to determine whether the reversal of shock 
with red blood cells of decreased storage 
duration improves outcomes in both criti-
cally ill children and adults (36).

There are several limitations to our 
study. First, penetrating injuries were 
more common in this cohort than blunt 
injuries, which may limit its generalizabil-
ity, because the injuries associated with 
pediatric trauma in the United States are 
predominantly blunt in nature (1). In ad-
dition, the Joint Theater Trauma Registry 
does not take into account the prehospi-
tal transport time, which could potential-
ly alter the patient’s physiological state 
on admission. We also were not able to 
identify which patients were part of mass 

casualty events. The retrospective nature 
of this analysis may have also introduced 
selection bias. Those who did not have 
admission BD and INR values sampled 
could be dissimilar regarding severity of 
injury and risk of early coagulopathy or 
shock. Although the patients included in 
the analysis had increased age, increased 
ISS, and increased arterial saturation of 
peripheral oxygen, there were no signifi-
cant differences in INR, BD, or mortality 
measured when compared with patients 
not included. There was an increased in-
cidence of severe TBI, according to head 
AIS, noted in the cohort that was used. 
This indicates some selection bias in our 
model. Because the variables measured 
in the Joint Theater Trauma Registry 
were limited, there is still a potential for 
additional selection bias, which may have 
affected the accuracy of our multivariate 
logistic regression analysis. In particular, 
temperature was recorded for 77% (577 
of 744) of the patients analyzed and there 
was a nonsignificant trend for increased 
hypothermia in nonsurvivors. However, 
the overall incidence of hypothermia was 
relatively low (2.9%), and there were only 
two nonsurvivors in our database that 
had documented hypothermia. We ap-
propriately chose to not include admis-
sion temperature as a mandatory variable 
for patient inclusion in this study based 
on recent analyses (post-2005) indicat-
ing that admission temperature was not 
associated with mortality in casualties 
treated at combat support hospitals (5, 7, 
13, 14). Our results that admission hypo-
thermia was not associated with mortal-
ity are likely a result of the low frequency 
of hypothermia in our cohort rather than 
the lack of a relationship between hypo-
thermia on admission and risk of mortal-
ity in children. Finally, we recognize that 
our definition of shock according to a BD 
value of 6 is arbitrary. This threshold 
has been used previously and is more 
conservative than other definitions (10-
13, 37).

Future research is needed to deter-
mine whether early detection and cor-
rection of coagulopathy and shock can 
improve outcomes and if so, which in-
terventions can optimally reverse these 
conditions. In addition, prehospital 
methods that might reduce the risk 
of developing early coagulopathy and 
shock also require study. Unfortunately, 
the standard trauma databases used by 
all Level I-verified American College 
of Surgeons pediatric trauma centers do  
not require the collection of measures of  

Figure 3.  Mortality according to admission base deficit (mEq/L). Error bars represent 95% confidence 
interval. INR, international normalized ratio.
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shock and coagulopathy nor does it 
require transfusion data. This must 
change if we are going to perform more 
robust outcomes analyses for children 
with traumatic injuries. Finally, predic-
tive tools that incorporate both physi-
ological variables and anatomic severity 
of injury scores need to be developed 
in children with traumatic injuries to 
improve their accuracy because it ap-
pears that measures of coagulopathy 
and shock are associated with mortality. 
A scoring system to classify specifically 
which pediatric patients are at highest 
risk for mortality may have clinical use 
and be valuable for research and quality 
assurance projects.

CONCLUSIONS

In this study, we have demonstrated 
the association of early coagulopathy and 
shock with mortality in a pediatric trau-
ma population. Future studies are needed 
to assess whether early, goal-directed 
treatment can improve outcomes in these 
patients.

REFERENCES

	 1.	 Avarello JT, Cantor RM: Pediatric major 
trauma: An approach to evaluation and man-
agement. Emerg Med Clin North Am 2007; 
25:803–836, x.

	 2.	 Langlois JA, Sattin RW: Traumatic brain in-
jury in the United States: Research and pro-
grams of the Centers for Disease Control and 
Prevention (CDC). J Head Trauma Rehabil 
2005; 20:187–188

	 3.	 Holcomb JB, Spinella PC: Optimal use of 
blood in trauma patients. Biologicals 2010; 
38:72–77

	 4.	 Burnett MW, Spinella PC, Azarow KS, et 
al: Pediatric care as part of the US Army 
medical mission in the global war on ter-
rorism in Afghanistan and Iraq, December 
2001 to December 2004. Pediatrics 2008; 
121:261–265

	 5.	 Spinella PC, Borgman MA, Azarow KS: 
Pediatric trauma in an austere combat envi-
ronment. Crit Care Med 2008; 36:S293–S296

	 6.	 Creamer KM, Edwards MJ, Shields CH, et al: 
Pediatric wartime admissions to US military 
combat support hospitals in Afghanistan and 
Iraq: Learning from the first 2000 admissions. 
J Trauma 2009; 67:762–768

	 7.	 Niles SE, McLaughlin DF, Perkins JG, et al: 
Increased mortality associated with the early 
coagulopathy of trauma in combat casualties. 
J Trauma 2008; 64:1459–1463; discussion 
1463–1465

	 8.	 Rutherford EJ, Morris JA Jr, Reed GW, et al: 
Base deficit stratifies mortality and deter-
mines therapy. J Trauma 1992; 33:417–423

	 9.	 Brohi K, Singh J, Heron M, et al: Acute 
traumatic coagulopathy. J Trauma 2003; 
54:1127–1130

10.	 Jung J, Eo E, Ahn K, et al: Initial base deficit 
as predictors for mortality and transfusion re-
quirement in the severe pediatric trauma ex-
cept brain injury. Pediatr Emerg Care 2009; 
25:579–581

11.	 Hindy-Francois C, Meyer P, Blanot S, et 
al: Admission base deficit as a long-term 
prognostic factor in severe pediatric trau-
ma patients. J Trauma 2009; 67:1272– 
1277

12.	 Peterson DL, Schinco MA, Kerwin AJ, et al: 
Evaluation of initial base deficit as a prognos-
ticator of outcome in the pediatric trauma 
population. Am Surg 2004; 70:326–328

13.	 Spinella PC, Perkins JG, Grathwohl KW, et 
al: Effect of plasma and red blood cell trans-
fusions on survival in patients with combat 
related traumatic injuries. J Trauma 2008; 
64:S69–S77; discussion S-78

14.	 Spinella PC, Perkins JG, McLaughlin DF, et 
al: The effect of recombinant activated factor 
VII on mortality in combat-related casual-
ties with severe trauma and massive transfu-
sion. J Trauma 2008; 64:286–293, discussion 
293–294

15.	 Practice parameter for the use of fresh-fro-
zen plasma, cryoprecipitate, and platelets. 
Fresh-Frozen Plasma, Cryoprecipitate, and 
Platelets Administration Practice Guidelines 
Development Task Force of the College 
of American Pathologists. JAMA 1994; 
271:777–781

16.	 Stansbury LG, Dutton RP, Stein DM, et al: 
Controversy in trauma resuscitation: Do 
ratios of plasma to red blood cells matter? 
Transfus Med Rev 2009; 23:255–265

17.	 Stanworth SJ, Walsh TS, Prescott RJ, et al: A 
national study of plasma use in critical care: 
Clinical indications, dose and effect on pro-
thrombin time. J Crit Care 2011; 15(2):R108

18.	 Walsh TS, McClelland DB, Lee RJ, et al. 
Prevalence of ischaemic heart disease at 
admission to intensive care and its influ-
ence on red cell transfusion thresholds: 
Multicentre Scottish Study. Br J Anaesth 
2005; 94:445–452

19.	 Lustenberger T, Talving P, Kobayashi L, et al: 
Time course of coagulopathy in isolated se-
vere traumatic brain injury. Injury 2010 Aug 
12 [Epub ahead of print]

20.	 Nesbitt M, Allen P, Beekley A, et al: Current 
practice of thermoregulation during the 
transport of combat wounded. J Trauma 
2010; 69(Suppl 1):S162–S167

21.	 Randolph LC, Takacs M, Davis KA: 
Resuscitation in the pediatric trauma popula-
tion: Admission base deficit remains an im-
portant prognostic indicator. J Trauma 2002; 
53:838–842

22.	 Demetriades D, Kuncir E, Murray J, et al: 
Mortality prediction of head Abbreviated 
Injury Score and Glasgow Coma Scale: 
Analysis of 7764 head injuries. J Am Coll Surg 
2004; 199:216–222

23.	 Nunez TC, Cotton BA: Transfusion therapy 
in hemorrhagic shock. Curr Opin Crit Care 
2009; 15:536–541

24.	 Brohi K, Cohen MJ, Ganter MT, et al: Acute 
coagulopathy of trauma: Hypoperfusion in-
duces systemic anticoagulation and hyper-
fibrinolysis. J Trauma 2008; 64:1211–1217; 
discussion 1217

25.	 Hess JR, Brohi K, Dutton RP, et al: The coagu-
lopathy of trauma: A review of mechanisms. 
J Trauma 2008; 65:748–754

26.	 Spinella PC, Holcomb JB: Resuscitation and 
transfusion principles for traumatic hemor-
rhagic shock. Blood Rev 2009; 23:231–240

27.	 Kiraly LN, Underwood S, Differding JA, et al: 
Transfusion of aged packed red blood cells re-
sults in decreased tissue oxygenation in criti-
cally injured trauma patients. J Trauma 2009; 
67:29–32

28.	 Raat NJ, Verhoeven AJ, Mik EG, et al: The ef-
fect of storage time of human red cells on in-
testinal microcirculatory oxygenation in a rat 
isovolemic exchange model. Crit Care Med 
2005; 33:39–45; discussion 238–239

29.	 Weinberg JA, McGwin G Jr, Griffin RL,  
et al: Age of transfused blood: An independent  
predictor of mortality despite universal leu-
koreduction. J Trauma 2008;65:279–282; dis-
cussion 282–284

30.	 Arslan E, Sierko E, Waters JH, et al: 
Microcirculatory hemodynamics after acute 
blood loss followed by fresh and banked blood 
transfusion. Am J Surg 2005; 190:456–462

31.	 Marik PE, Sibbald WJ: Effect of stored-blood 
transfusion on oxygen delivery in patients 
with sepsis. JAMA 1993; 269:3024–3029

32.	 Fitzgerald RD, Martin CM, Dietz GE, et al: 
Transfusing red blood cells stored in citrate 
phosphate dextrose adenine-1 for 28 days fails 
to improve tissue oxygenation in rats. Crit 
Care Med 1997; 25:726–732

33.	 Spinella PC, Carroll CL, Staff I, et al: Duration 
of red blood cell storage is associated with in-
creased incidence of deep vein thrombosis and 
in hospital mortality in patients with trau-
matic injuries. J Crit Care 2009; 13(5):R151 

34.	 Gauvin F, Spinella PC, Lacroix J, et al: 
Association between length of storage of trans-
fused red blood cells and multiple organ dys-
function syndrome in pediatric intensive care 
patients. Transfusion 2010; 50:1902–1913

35.	 Karam O, Tucci M, Bateman ST, et al: 
Association between length of storage of red 
blood cell units and outcome of critically ill 
children: A prospective observational study. 
Crit Care 2010; 14:R57

36.	 Spinella PC, Sparrow RL, Hess JR, et  al: 
Properties of stored red blood cells: 
Understanding immune and vascular reactiv-
ity. Transfusion 2011; 51:894–900

37.	 Cohn SM, Nathens AB, Moore FA, et al: Tissue 
oxygen saturation predicts the development 
of organ dysfunction during traumatic shock 
resuscitation. J Trauma 2007; 62:44–54; dis-
cussion 55

       


